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(54) Abstract Title 

Vehicle interior switch integral with a flexible cover material 

(57) A switch for use with a vehicle control system includes a substrate eg. a steering wheel body (28, fig 2) 
and a flexible cover covering a portion of the substrate. The cover 30 includes a cover material (32) and 
electronic circuitry integrated with the cover material. The electronic circuitry may have conductive yarn or 
paths woven into a cloth or printed on a support layer (116, fig 4) of the cover material (32, fig 3) connected to 
piezoceramic transducers 54 and a wireless transmitter 35. Alternatively, the switch may be formed from 
conductive yarn or traces separated by a insulating layer (216, fig 5) which contact when sufficiently pressed 
together. Embossed labels or flourescent stitching 228 may assist location of the switch. The switches may 
control a menu of a computer. 
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VEHICLE INTERIOR COMPONENT HAVING A FLEXIBLE COVER WITH 
INTEGRATED CIRCUITRY 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The invention relates to a vehicle interior component 
having a flexible cover that includes a cover material and 
10 electronic circuitry integrated with the cover material, 
wherein the cover material and the circuitry cooperate to 
define at least one control switch for controlling 
operation of a vehicle system. 

15 Background Art 

Prior vehicle interior components, such as steering 
wheels and door panels, include mechanical buttons that can 
be used to control vehicle systems, such as stereo systems, 

20 cruise control systems, lock systems, window systems and 
mirror systems. Because such components may be in frequent 
contact with human hands, the buttons may be exposed to a 
high degree of dirt and oil. Furthermore, dirt, food and 
clothing fibers may also become caught in crevices of the 

25 buttons. Over time, the accumulation of such debris may 
adversely affect functionality of the buttons. 

In addition, surfaces of such components may not be 
flat and/or smooth. As a result, it may be difficult to 
30 locate buttons in the most user friendly positions. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided 
35 a vehicle interior component, and in particular a steering 
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wheel, as described in the accompanying claims. 

Embodiments of the invention address the shortcomings 
of the prior art by providing a vehicle interior component 
5 that includes a flexible cover having at least one 
integrated control switch for controlling a vehicle system. 
Because the at least one control switch is part of the 
cover, debris accumulating crevices associated with prior 
art mechanical buttons are effectively reduced or 
10 eliminated. Furthermore, because the cover is flexible, the 
cover can easily conform to a desired shape. As a result, 
the at least one control switch may be located in various 
desired positions. 

15 Under embodiments of the invention, a vehicle interior 

component for use with a vehicle having a vehicle system 
includes a substrate and a flexible cover covering a 
portion of the substrate. The cover includes a cover 
material and electronic circuitry integrated with the cover 

20 material and adapted to communicate with the vehicle 
system. Moreover, the cover material and the circuitry 
cooperate to define at least one control switch for 
controlling operation of the vehicle system. 

25 Further, under embodiments of the invention is a 

steering wheel for use with a vehicle having a vehicle 
system includes a steering wheel body, and a flexible cover 
covering a portion of the body. The cover includes a cover 
material and electronic circuitry integrated with the cover 

30 material and adapted to communicate with the vehicle 
system. Moreover, the cover material and the circuitry 
cooperate to define at least one control switch for 
controlling operation of the vehicle system. 

35 In each of the above embodiments, the cover material 



may comprise any suitable material such as cloth, leather 
and/or vinyl. Furthermore, the cover material defining the 
at least one control switch may include fluorescent 
material so that the at least one control switch may be 
5 easily located in low lighting conditions. 

The electronic circuitry in each of the above 
embodiments may include any suitable circuitry that is 
integrated with the cover material in any suitable manner. 

10 For example, the electronic circuitry may include 
conductive traces that are woven into the cover material. 
As another example, the electronic circuitry may include 
conductive ink that is applied directly to the cover 
material, or to a support layer that is attached to the 

15 cover material. Furthermore, the electronic circuitry may 
include piezo transducers that allow current to flow when 
sufficiently pressed. 

In each of the above embodiments, the cover may 
20 further include an additional cover material and an 
insulating layer disposed between the cover material and 
the additional cover material. Moreover, the electronic 
circuitry may include first and second conductive traces, 
wherein the first conductive trace is attached to the cover 
25 material, and the second conductive trace is attached to 
the additional cover material. With such a configuration, 
the first and second conductive traces may contact each 
other when sufficient pressure is applied to the cover 
proximate a hole in the insulating layer. 

30 

These and other objects, features and advantages of 
the invention are readily apparent from the following 
detailed description of the preferred embodiments for 
carrying out the invention, when taken in conjunction with 
35 the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 is a schematic diagram of a steering wheel 
according to the invention in communication with a computer 
control system and a plurality of vehicle systems; 

FIGURE 2 is a front view of the steering wheel showing 
a steering wheel body and a cover covering a portion of the 
body; 

FIGURE 3 is a fragmentary bottom view of the cover 
showing a cover material and electronic circuitry 
integrated with the cover material; 

FIGURE 4 is a fragmentary exploded perspective view of 
a second embodiment of the cover; and 

FIGURE 5 is a fragmentary exploded perspective view of 
a third embodiment of the cover. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S) 

Figure 1 shows a steering wheel 10 according to the 
invention for use with a motor vehicle 12 having a control 
system, such as a computer control system 14. The computer 
control system 14 is in communication with a plurality of 
vehicle systems, such as a window system 16, lock system 
18, seat system 20, climate control system 22, stereo 
system 24, navigation system 26, and the like. Furthermore, 
the computer control system 14 is configured to control 
operation of the vehicle systems 16-26. The computer 
control system 14 may also include a display device for 
displaying a plurality of menus for use in controlling one 
or more of the vehicle systems 16-26. In one embodiment of 
the invention, the computer control system 14 is an AutoPC™ 
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available from Clarion Corporation of America, located in 
Gardena, California. 

Referring to Figures 2 and 3, the steering wheel 10 
5 includes a steering wheel substrate or body 28 and a 
flexible cover 30 surrounding at least a portion of the 
body 28. The cover 3 0 may be permanently attached to the 
body 28, such as with adhesive, or the cover 30 may be 
removably mounted on the body 28. For example, the cover 30 
10 may have an elastic configuration that allows the cover 30 
to be easily positioned on and removed from the body 28. As 
another example, the cover 30 may be sewn around the body 
28. 

15 The cover 30 includes a flexible cover material 32 and 

flexible electronic circuitry 33 integrated with the cover 
material 32. In the embodiment shown in Figure 3, the cover 
material 32 includes cloth, and the electronic circuitry 33 
includes conductive paths or traces 34 woven into the cover 

20 material 32. For example, the conductive traces 34 may 
include silk thread, or other suitable thread, wrapped in 
thin copper foil, or other suitable conductive material. 
Alternatively, the conductive traces 34 may include any 
suitable conductive material, such as conductive yarn, that 

25 is woven into or otherwise integrated with the cover 
material 32. One known supplier of conductive fabric is 
Bekaert Corporation of Akron, Ohio. 

The electronic circuitry 33 is in communication with 
30 the computer control system 14 and the vehicle systems 
16-26. For example, as shown in Figure 2, the electronic 
circuitry 33 may include a transmitter 3 5 for establishing 
a wireless connection with the computer control system 14 . 
As another example, the electronic circuitry 33 may be 



connected directly to the computer control system 14, as 
shown in Figure 1 . 

In addition, the electronic circuitry 33 cooperates 
with the cover material 32 to define a plurality of control 
switches, such as keys or buttons, that may be used in 
conjunction with the computer control system 14 for 
controlling operation of the vehicle systems 16-26. For 
example, referring to Figure 2, the cover material 32 and 
the electronic circuitry 33 may cooperate to define up 
arrow button 36, left arrow button 38, speech recognition 
button 40, mute button 42, right arrow button 44, down 
arrow button 46, enter button 48, back-up or escape button 
50, and menu button 52. The menu button 52 may be used to 
scroll through a plurality of menus that are displayed on 
the display device of the computer control system 14 . The 
escape button 50 may be used to back-up to a previous menu. 
The arrow buttons 36, 38, 44 and 46 may be used to scroll 
through items included in a particular menu. Enter button 
48 may be used to select a particular item from a 
particular menu, such as a volume control for the stereo 
system 24. Speech recognition button 40 may be used to 
activate a speech recognition system of the computer 
control system 14, so that the vehicle systems 16-26 may be 
controlled by audible commands. Finally, mute button 42 may 
be used to temporarily suspend sound from the stereo system 
24. Alternatively, the cover 30 may be provided with any 
suitable control switches that may be used to directly 
control one or more vehicle systems 16-26, or that may be 
used in conjunction with the computer control system 14 to 
control one or more of the vehicle systems 16-26. 

In the embodiment shown in Figure 3, the electronic 
circuitry 33 includes a plurality of piezo transducers 54 
that are attached to the conductive traces 34 and cooperate 



with the cover material 32 to define the buttons 36-52 
(only one transducer 54 and one button, the up arrow button 
36, are shown in Figure 3) . In one embodiment of the 
invention, the transducers 54 are piezoceramic transducers 
5 available from Piezo Systems, Inc. of Cambridge, 
Massachusetts. While the transducers 54 may be attached to 
the conductive traces 34 in any suitable manner, in one 
embodiment of the invention, the transducers 54 are 
soldered to the conductive traces 34. When sufficient 
10 pressure is applied to a particular transducer 54, the 
transducer 54 allows current to flow through the 
corresponding conductive traces 34. 

Because the buttons 36-52 are incorporated into the 

15 cover 30, debris accumulating crevices associated with 
prior art mechanical buttons are effectively reduced or 
eliminated. Furthermore, because the cover 30 is flexible, 
the cover 30 can easily conform to the shape of the body 
28. As a result, the buttons 36-52 may be located in 

20 virtually any desired positions. 

Figure 4 shows a second embodiment 110 of the cover, 
which includes a cover material 112 and an electronic 
circuitry layer 114 integrated with the cover material 112 . 
The cover material 112 may be any suitable material such as 

25 cloth, leather or vinyl. The electronic circuitry layer 114 
includes a flexible support layer 116, such as a cloth 
layer, that is attached to the cover material 112 in any 
suitable manner. For example, the support layer 116 may be 
sewn onto the cover material 112, and/or adhesively 

30 attached to the cover material 112. Furthermore, the 
electronic circuitry layer 114 includes electronic 
circuitry 118 attached to or otherwise integrated with the 
support layer 116. For example, the electronic circuitry 
118 may include conductive traces 120 that are integrated 

35 with the support layer 116 in a similar manner as described 



above with respect to the cover 30. As another example, the 
conductive traces 120 may be printed or silk- screened onto 
a surface of the support layer 116 using conductive ink. 
Alternatively, the support layer 116 may be eliminated, and 
the conductive traces 120 may be printed or silk-screened 
onto a back surface 121 of the cover material 112 using 
conductive ink. Furthermore, the electronic circuitry 118 
may include one or more transducers 122 connected to the 
conductive traces 120. In any case, the cover material 112 
and the electronic circuitry 118 may cooperate to define 
one or more control switches, such as the buttons 36-52 
described above (only up arrow button 36 is shown in Figure 
4) . 

Advantageously, with the configuration described 
above, the cover material 112 may act as a buffer between 
the electronic circuitry 118 and anyone or anything that 
comes into contact with an appearance surface 124 of the 
cover material 112. Furthermore, because the electronic 
circuitry 118 may be integrated with the support layer 116, 
or applied to the back surface 121 of the cover material 
112, the cover 110 is especially useful with applications 
in which it is not practical or desirable to weave 
electronic circuitry directly into the cover material 112. 

Figure 5 shows a third embodiment 210 of the cover, 
which includes first and second layers 212 and 214, 
respectively, separated by an insulating layer 216. The 
first layer 212 includes a first cover material 218, such 
as cloth, leather, or vinyl, and electronic circuitry, such 
as a plurality of first conductive traces 220, integrated 
with the first cover material 218. For example, the first 
conductive traces 22 0 may be integrated with the first 
cover material 118 in a similar manner as described above 
with respect to the cover 30 or the cover 110. 
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The second layer 214 includes a second cover material 
222, such as cloth, leather, or vinyl, and electronic 
circuitry, such as a plurality of second conductive traces 
224, integrated with the second cover material 222. For 
5 example, the second conductive traces 224 may be integrated 
with the second cover material 222 in a similar manner as 
described above with respect to the cover 30 or the cover 
110. 

10 The insulating layer 216 may include any suitable 

insulating material such as felt, velvet or quilt batting. 
Furthermore, one or more holes 226 in the insulating layer 
216 allow the first conductive traces 220 to make contact 
with the second conductive traces 224 when the first and 

15 second layers 212 and 214, respectively, are sufficiently 
pressed together, with such a configuration, the first and 
second layers 212 and 214, respectively, and the insulating 
layer 216 may cooperate to define one or more control 
switches, such as the buttons 36-52 described above (only 

20 up arrow button 36 is shown in Figure 5) . Advantageously, 
the insulating layer 216 may also provide a springy, 
button-like mechanical effect. 



25 In each of the embodiments described above, the cover 

material 32, 112, or 218 may include flourescent stitching 
228 or other flourescent material, so that the buttons 
36-52 may be easily located in low lighting conditions. 
Furthermore, embossed labels may be attached to the cover 

30 material 32, 112, or 218 to assist in locating the buttons 
36-52 without visual inspection. 

The invention may also be applied to vehicle interior 
componentsother than steering wheels. Examples of other 
35 such components include seats, door panels, instrument 
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panels, consoles, flooring systems, and trunk liners. Each 
of these components may include a substrate or body and a 
cover, similar to one of the covers 30, 110, or 210 
described above, that covers at least a portion of the 
5 body. Such a cover may include one or more control switches 
that may be used to directly control one or more vehicle 
systems, such as the vehicle systems 16-26, or that may 
be used in conjunction with a control system, such as 
computer control system 14, to control one or more vehicle 
10 systems. 

While embodiments of the invention have been 
illustrated and described, it is not intended that these 
embodiments illustrate and describe all possible forms of 
15 the invention. Rather, the words used in the specification 
are words of description rather than limitation, and it is 
understood that various changes may be made without 
departing from the spirit and scope of the invention. 

20 
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WHAT IS CLAIMED IS: 

1. A vehicle interior component for use with a 
vehicle having a vehicle system, the component comprising: 

5 a substrate; and 

a flexible cover covering a portion of the substrate, 
the cover including a cover material and electronic 
circuitry integrated with the cover material and adapted to 
communicate with the vehicle system, the cover material and 
10 the electronic circuitry cooperating to define at least one 
control switch for controlling operation of the vehicle 
system. 

2. The vehicle interior component of claim 1 wherein 
15 the cover material comprises cloth. 

3 . The vehicle interior component of claim 1 wherein 
the cover material comprises leather. 

2 0 4. The vehicle interior component of claim 1 wherein 

the cover material comprises vinyl . 

5. The vehicle interior component of any preceding 
claim wherein the cover material defining the at least one 

25 control switch includes fluorescent material. 

6 . The vehicle interior component of any preceding 
claim wherein the electronic circuitry defining the at 
least one control switch includes at least one piezo 

30 transducer. 

7 . The vehicle interior component of any preceding 
wherein the electronic circuitry includes conductive traces 
woven into the cover material. 

35 



8 . The vehicle interior component of any preceding 
claim wherein the electronic circuitry includes conductive 
ink. 

9 . The vehicle interior component of claim 8 wherein 
the cover material includes an appearance surface and a 
back surface, and the conductive ink is applied to the back 
surface of the cover material . 

10. The vehicle interior component of any preceeding 
claim wherein the cover further includes an additional 
cover material and an insulating layer disposed between the 
cover material and the additional cover material, the 
insulating layer having a hole extending therethrough, and 
wherein the electronic circuitry includes first and second 
conductive traces, the first conductive trace being 
attached to the cover material, the second conductive trace 
being attached to the additional cover material, wherein 
when sufficient pressure is applied to the cover proximate 
the hole, the first and second conductive traces contact 
each other. 

11. A steering wheel for use with a vehicle having a 
vehicle system, the steering wheel comprising: 

a steering wheel body; and 

a flexible cover covering a portion of the body, the 
cover including a cover material and electronic circuitry 
integrated with the cover material and adapted to 
communicate with the vehicle system, the cover material and 
the electronic circuitry cooperating to define at least one 
control switch for controlling operation of the vehicle 
system. 

12. The steering wheel of claim 11 wherein the cover 
material 



comprises cloth. 
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13. The steering wheel of claim 11 wherein the cover 
material comprises leather. 

5 

14. The steering wheel of claim 11 wherein the cover 
material comprises vinyl . 

15. The steering wheel of any one of claims 11 to 14 
10 wherein the cover material defining the at least one 

control switch includes fluorescent material . 

16. The steering wheel of any one of claims 11 to 15 
wherein the electronic circuitry defining the at least one 

15 control switch includes at least one piezo transducer. 

17. The steering wheel of any one of claims 11 to 16 
wherein the electronic circuitry includes conductive traces 
woven into the cover material . 

20 

18. The steering wheel of any one of claims 11 to 17 
wherein the electronic circuitry includes conductive ink. 

19. The steering wheel of claim 18 wherein the cover 
25 material includes an appearance surface and a back surface, 

and the conductive ink is applied to the back surface of 
the cover material. 

20. The steering wheel of any one of claims 11 to 19 
3 0 wherein the cover furthef includes an additional cover 

material and an insulating layer disposed between the cover 
material and the additional cover material, the insulating 
layer having a hole extending therethrough, and wherein the 
electronic circuitry includes first and second conductive 
35 traces, the first conductive trace being attached to the 
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cover material, the second conductive trace being attached 
to the additional cover material, wherein when sufficient 
pressure is applied to the cover proximate the hole, the 
first and second conductive traces contact each other. 

5 

21. The steering wheel of any one of claims 11 to 20 
further comprising a transhlitter connected to the 
electronic circuitry and adapted to communicate with the 
vehicle system. 

10 

22. A steering wheel for use with a vehicle having a 
control system in communication with a vehicle system, the 
steering wheel comprising: 

a steering wheel body; and 

15 a flexible cover surrounding a portion of the body, 

the cover including a cover material and electronic 
circuitry integrated with the cover material and adapted to 
communicate with the control system, the cover material and 
the electronic circuitry cooperating to define at least one 

20 control switch for controlling operation of the vehicle 
system, wherein the cover material includes leather and 
flourescent stitching attached to the leather for defining 
a portion of the at least one control switch, and wherein 
the electronic circuitry includes conductive ink applied to 

25 the cover material. 

23 . A vehicle interior component as herein before 
described with reference to the accompanying Figures 1 to 
5. 

30 

24. A steering wheel as herein before described with 
reference to the accompanying Figures 1 to 5 . 
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